The liver is one of the main detoxifying organs, removing waste and xenobiotics through metabolic conversion and biliary excretion. The waste and xenobiotics come from the gastrointestinal tract via the portal vein, and diffuse into small blood vessels known as hepatic sinusoids. Thus, the liver is constantly exposed to various stresses that can lead to tissue damage. The liver consists of several different cell types including hepatocytes, which have metabolizing and detoxifying abilities, liver sinusoidal endothelial cells (LSECs), which form the sinusoidal wall and cover the hepatocytes, and Kupffer cells, which are sinusoid-resident macrophages. Cellular stress in the liver leads to senescent, transformed, or damaged cells. These cells can impair tissue function or lead to tumorigenesis and therefore need to be eliminated and their loss compensated for by cell proliferation to maintain organ size. However, the molecular mechanisms that act to maintain three dimensional (3D) tissue and organ homeostasis during cellular stress are largely unknown.
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The Hippo pathway regulates organ size and cancer formation by modulating cell proliferation and death via regulation of YAP activation [1] [2] [3] [4] [5] . Central to the Hippo pathway is a kinase cascade that activates the adaptor protein Mob and the protein kinase LATS. Activated LATS then phosphorylates the transcription co-activator YAP, and inhibits its activation by cytoplasmic retention. Unphosphorylated YAP translocates into the nucleus, interacts with the transcription factor TEAD, and induces target gene expression. Gene knockout of Hippo pathway components induces hepatomegaly and liver cancer in mice. Our colleague also reported that loss of Mob causes YAP activation and cancer formation in mouse liver [6, 7] . Depletion of the YAP gene suppressed liver cancer formation in Mob knockout mice. Thus, the liver phenotypes caused by an impaired Hippo pathway are strongly dependent on YAP. Our group isolated a unique medaka fish mutant, hirame (hir), which is sensitive to deformation by gravity. hir embryos display a markedly flattened body caused by mutation of YAP. We reported that YAP is essential for proper 3D body shape through regulation of cell tension [3] . In Drosophila, the cells with relatively lower fitness levels are eliminated from the tissue by a cell-cell interaction, which is called "cell competition" [4] . We found that active YAP-expressing mammalian epithelial (MDCK) cells are eliminated apically when the cells are surrounded by normal MDCK cells [5] .
Our recent study has shown that YAP regulates the fate of hepatocytes by determining whether they proliferate to boost the organ's bulk or are degraded and removed [6] . This choice was shown to be dependent on whether the liver cells had been damaged, which deepens our understanding of how this organ maintains itself (Fig. 1) . To examine how the Hippo pathway affects the fate of individual hepatocytes, we first established mosaic conditions by using hydrodynamic tail vein injection (HTVi) to introduce active YAP into mouse liver in vivo. We discovered that the fate of YAP-expressing hepatocytes changes from proliferation to migration/apoptosis depending on the status (healthy or damaged) of the liver. We also explored more directly whether adaptive immunity was involved in the loss of active YAP-expressing hepatocytes in immunodeficient NOG mice by HTVi. The numbers of hepatocytes steadily decreased also in NOG livers. Thus, the elimination of YAP-activated hepatocytes is regulated by a mechanism distinct from adaptive immunity-dependent senescence surveillance [7] . To identify the molecular mechanisms involved in YAPmediated elimination of injured hepatocytes, we analysed gene expression profiles in mouse livers. Examination of the gene ontology annotations of genes upregulated in active YAP livers revealed the involvement of CDC42, which are small Rho family GTP proteins that regulate cytoskeleton organization and cell migration. We found that dominant negative CDC42 and Rac suppressed the elimination of YAP-activating hepatocytes. Thus, both CDC42 and Rac contribute to YAP-activated hepatocyte elimination. Furthermore, we identified the upstream regulators of CDC42 and Rac in hepatocytes expressing active YAP as Ect2 and Fgd3, which are guanine nucleotide exchange factors (GEF) for CDC42 and Rac. Finally, we found YAP activation plus HTVi or EtOH (i.e., tissue damage) induce Ect2 and Fgd3 upregulation, which triggers CDC42 and Rac activation in hepatocytes and drives their migration to sinusoids where they undergo Kupffer cell-mediated elimination. F-actin formation promotes YAP activation, and YAP regulates actin remodelling through the Rho GTPase activating protein [3] . Here we found that YAP induces the Rho GEFs Ect2 and Fgd3 in a manner dependent on an additional signal from LSECs. Thus, F-actin formation and YAP activation regulate each other through a feedback mechanism. In summary, YAP acts as a stress sensor that induces the elimination of injured cells to maintain tissue and organ homeostasis.
The Hippo pathway is constitutively activated and rapidly inactivates YAP by phosphorylation. Conversely, when the Hippo pathway is inactivated by stress, YAP immediately becomes unphosphorylated, translocates into the nucleus and induces target gene expression. Based on this, we deduce that YAP plays a role in an emergency stress response to maintain tissue homeostasis due to the elimination of injured cells. These findings demonstrate the complexity of cell fate determination mechanisms in vivo, and highlight a new role for YAP in tissue dynamics.
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